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ABSTRACT : 

Glass and porcelain bushings were tested in a salt 
fog atmosphere. Various types and quantities of salt were 
used. The mechanism of contamination and surface deterior= 
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ition and surface deterioration were developed. 
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CONCLUSIONS 1, 


The greatest damage to bushings occurred when 

the salt fog contained a combination of sodium chloride 

and magnesium chloride. | : 

| | | 2. The pitting of bushings used by P.G. & E. on their 
> Pacific shore lines is caused by thermal shock resulting 

from arc discharges which play over their surfaces. 


3- Mechanical shielding greatly reduces arcing, salt 
deposition and surface deterioration. 


4. A coating of Teflon primer on a glass bushing 
eliminates surface deterioration and reduces arcing and 
salt deposition. 

do The surface deterioration of glass bushings can 
be reduced by a change to a low expansion glass. 

| 6. Within practical limits neither size nor contour 
separately or together can prevent arcing, salt deposition 
and surface deterioration. 


7- Increased bushing size reduces the se 
surface deterioration. 


verity of 


By cutting out this rectangle and folding on the center line, the above information can be fitted 
into a standard card file. 


For list of contents-drawings, pkctos, etc. and for distribution see reverse side. 


INFORMATION PREPARED FOR 


B. J. Murphy, R. P. Bass 


COUNTERSIGNED_4¢4]y / alin. 


TRANSFORMER & ALLIED PRODUCT DIVISIONS 


TESTS MADE BY 


4, 62 /5O piv. Laboratory, Electrical Research Seetien —— 
PITTSFIELD 


= PWO-2146 
| 


CONTENTS OF REPORT ~ | 
NO PAGES TEXT 21 | 
NO CHARTS Table of Contents | | 
DRAWING NOS. 3 
Figures Nos. I through XVI pase 
Figure No. 1il LOLHC675 Introduction and Scope 1 
Figure No. IV 101HC676 i . 
ak 
Summary of Results 
PHOTO NOS. 2 
Conclusions | | 5 
Nature of Contaminant ae 
: ay Mechanism of Contamination ee 
Ne Sees eee oe aay 
DISTRIBUTION : Mechanism of Surface Deterioratior 
‘Title Page Only | | Penson | be 
T. C. Aitchison R. V. Alvord Description of Material Tested 
x [EV beste , | W. EH. Birchard | ; | enue 6-7 
oR. esl: | A. N. Garin Necani ots : : me 
Jo K Ss x - ; in aooas Description of Salt Fog Contamination Chamber 7-8 
{. is Alimansky es So. Hubbard M th 
ap Gooney i. kK. Kane peo 0. test 8-9 
* 4G. Milne | F. H. Kierstead | 
F, G. Stebbins S. T. Maunder Becat ts 9 
| D. D. MacCarthy | : 
S. E.-Q. Ashley kK. B. McBachron | Discussion of Results 9-12 
%* JH, A. Omley | H. F. Miller ? | | ee 
R. R. Ralston G. M. Morrison A. Mechanical Shielding 9 
ee : E. G. Newton | no | 
Ne Scoville ‘pastor B. Low-Coefficient of Expansion Glasses | 10 
: a T. E. Rodhouse | | 
|) ie. J. Hopkins Le S. Sechelt C. Inorganic Coatings 
* gw. O. Solberg | C. .. out ben | ; 
E. W. Smith | E. D. Treanor D. Semi-Conducting Surface Coatings and Glazes Py 
fs eee T. R. Walters : | | is 
Laboratory C. H: Wells . | Beem Ryshine:C | 
C. A. Read/Library L. Wetherill | 3 are . | 1i~1l2 
(a. K. Farr F, Miscellaneous : | nee) 
*4B, J. Murphy | [ 
T. R. Walters — 1. Bushing Position ‘12 | 
Locke Insulator | = 2. Internal Heating 12 | 
Wats A. Frey | : | | 
Summary of Results of Salt-Fog Tests 13-21 


4 Circulate one copy 


iii 


For use of G. E. Employees only 
GENERAL ELECTRIC COMPANY 


Report No. 


Swe ew eee Mew seus 
we wees Sepucccsesernccce QF www tower errr ee PML ewww euuevvuumuuuuuue 


‘Introduction and Scope 


5 One of the major problems in the operation of electrical apparatus with 
bushings exposed to air is that of obtaining trouble-free operation under con- 
ditions of severe atmospheric contamination. Some of the most difficult oper— 
ating areas are found along the Pacific Coast where trade winds carry sea fogs 
inland. These fogs are usually the result of a condensation of water vapor 
around microscopic sea-salt "dust" particles evaporated from ocean spray. 


The reports received from the San Francisco district office state that 
deposits of the salts carried inland by the sea fogs were visible on almost © 
every object in the area including capacitor bushings. These deposits remain 
on the bushing surface for long periods of time and are only removed during the 
time of the annual rains. Coatings of salt and moisture .on bushings result in © 
surface deterioration,’ and flashover, and may even cause apparatus failures. The 
severe surface deterioration of glass bushings on 15 kvar power factor capacitors 
reported by the Pacific Gas and Electric Company was attributed to contamination 
of just this type. : : 


This report summarizes the results of all the work performed to date by 
the Electrical Research Section in cooperation with the High Voltage Bushing 
_ Engineering Division on that phase of the general contamination problem con- 
cerned with the operation of bushings in a salt fog. 


All. tests were made on bushings designed for 15 kvar power factor 
capacitors delta connected on a 4160 volt circuit. Samples included standard 


GH. glass bushings, standard G.E. porcelain bushings, competitors porcelains, 
and various modifications etc. : oe eg a 


Purpose 


The present project was undertaken to find ways: 


| 1. To reduce or eliminate the deposition of salt on the surfaces of 
_ high on ace glass bushings, 


2. To reduce or prevent surface deterioration, 


ipage:. to. determine the mechanism of contamination and surface 
r tion : in order: 


Oo ° ° ‘ 4 i 
aa in improving performance by incorporating 


ing de — 


% 


ie foundation for future work on the problem of 
gee cehi ngs in eontaminating atmospheres. 
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Summary of Results 


The fourteen photographs and the two blueprints grouped at the end of 
this report were selected to give a brief summary of the test apparatus used, 
characteristic salt deposits, and significant results of the tests conducted. 


1. The greatest damage to both glass and porcelain bushings occurred | 
when the salt. fog contained a combination of sodium chloride and magnesium 
chloride. Figures IA and IB. 


| 2. The pitting of bushings used by P.G. & E. on their Pacific shore 
lines is caused by thermal shock resulting from the are discharges which play 
over their surfaces under the peculiar combination of atmospheric conditions 
encountered there. 


ae Salt and moisture-coated bushings distribute voltage in proportion 
to surface resistance. | 


4, Mechanical shielding of the top three petticoats greatly reduces arcing 


salt deposition and surface deterioration, Figures VII and VIII. 


2° A coating of Teflon on a glass bushing eliminates surface deterior- 
ation and reduces arcing and salt deposition. Figure XI. 


6. The surface deterioration of glass bushings can be reduced by a 
change to a low expansion glass. Figure X. 


7. Within practical limits neither bushing size nor contour, separately — 
or together, can entirely prevent arcing, salt deposition or surface deterior= 
ation. Figure XIII. | 


; / © ° 9 
6. Increased bushing size however reduces the severity of surface 
deterioration, — | 


Nature of Contaminant 


contaminant on the capacitor bushings located near the seashore was salt. 
Although it has not been possible to obtain samples of the salt deposits for 
analysis, it may be readily assumed that they consist principally of the salts 
found in sea—water, 


; The percentages of the various salts contained in sea-water are given 
in Table I on the following page. 


and magnesium chloride were used. 


alone. 
shows a standard 5 kv amber glass bushing after operating at 2.5 kv for four 
_ Weeks in a salt fog containing 10 percent sodium chloride by weight. Figure IB 
turn shows the results of operating a standard 5 kv amber glass bushing at 


Reports from the San Francisco district office reveal that the principal Me Poncent magnesium chloride by weight. 


i ny Otros 
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Table I 
Composition of the Salt of Sea-Water % ae 
Percentages of Salt by Weight irr Water — 


Standard For Accelerated 


Type of Salt a, . Sea-Water Tests 
~ Sodium Chloride 2.069 10 
Magnesium Chloride 0.32 72 lt 
Magnesium Sulfate 0.22 0.8 | fi 
Calcium Sulfate 0.14 0.55 af 
Potassium Sulfate 0.06 G22 lf 
* Others 0.01 ce ae 
‘ Total 3 ° Ah 12.5 77 


- As may be seen from the table, the principle salt in sea-water is sodium 
chloride. It was for this reason that many of the early tests were performed 
using sodium chloride alone. | | : 


_ Early in the work it was found possible to accelerate the tests by 
increasing the salt content of the water used from 2.69 to 10 percent. However 
even with this increase, the length of time required to obtain tangible results 
was very long, varying from four to eight weeks. In an effort to reduce the 
run time further, a number of test runs were made using various combinations 


of salts as given in Table I in the column headed "For Accelerated Tests". 


By the process of elimination it was found that the greatest damage to 
beth glass and porcelain bushings occurred when a combination of sodium chloride 
In fact the damage from this combination was 
far greater after one week on test than after four weeks with sodium chloride 
This may be readily seen by comparing Figures IA and IB. Figure IA 


4 kv for one week in a salt fog containing 10 percent sodium chloride and 
- : This combination of the two chlorides 
been peed in every run since the above tests were conducted. 


eee. 
« Gr> 


ar 


geeaeon for the exceptional reduction in test time made possible by : 
meecn Of only a small quantity of magnesium chloride may be understood | 


pevdard Sea-water are taken from Dorsey, N. Ernest; 
shary Water-Substance - Table 289 on Page 655. 


tA, 
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when two facts are remembered. First, magnesium chloride is extremely 
hygroscopic. It is the impurity found in common table salt which causes 
salt caking in table shakers. The second fact is that when this salt is 
heated sufficiently in the presence of water, the following reaction takes 
place: | ! , 


MgCl, + 2H,0 Heat -- Mg(OH), # 2 Hcl? 


2 

The hydrochloric acid is driven off as a vapor and the magnesium 
hydroxide remains on the surface. This insoluble compound acts as a good 
binder for the sodium chloride and thus accelerates the accumulation of a 
layer of salt on the surface. 


Figure II shows some characteristic salt deposits on various glass 
and porcelain bushings. : 


It has been established that the principle contaminant consists of 
the chlorides of sodium and magnesium. The following sections consider the 
mechanism of contamination. 


Mechanism of Contamination 


Along the seashore of the West Coast of the United States the particles 
suspended in the atmosphere consist principally of the various salts found 
in the sea. These particles are carried inland by fog or spray blown from 
the surf. The depth of penetration inland depends upon the topography and 
on the direction, strength and constancy of the prevailing winds which bring 
the salt particles within the electric field of the bushing. 


The forces acting upon the air-borne salt and moisture particles are of 


several kinds, - aerodynamic, gravitational and electrical. 

Aerodynamic Forces = The aerodynamic forces are of importance in the study 
of bushings operating under field conditions where the velocity and direction 
of the wind affects the density and positioning of the deposits. However int 
order to reduce the number of variables in the investigation no attempt was 
made to control the flow of air about the bushing. This has been reserved 
for future study. 


The salt fog in the test chamber was in continuous motion with the 
result that each test sample was surrounded by a fog of reasonably uniform 
density. The tests conducted to determine the effect of sample position on 
the amount of contamination revealed that it made no difference where the | 
samples were placed provided they were not too near the chamber walls. 


TS Ses ee 
See Se ite, tres a 


the weight of the particle. 


For use of G. E. Employees only 
GENERAL ELECTRIC COMPANY 


50TP170 


lowe seuuneseus 


Report No. Page No. 00 590) Mou: 


Cece uvwrvevvusevuuusedauveepe 


cravitational Forces - The gravitational forces determine the rate of 


‘settling of the larger particles and restrict the formation of deposits 


to the upper surfaces of bushings. 


Electrical Forces - Tests show that the rate of salt deposition on bushings 
Gis greatly increased by the application of normal operating voltage. The 
deposits observed on unenergized bushings were merely the residue from the 
evaporation of the water remaining of the bushing surface at the end of a 


test run. 


| Mr. Wilson in his Data Folder 75509-IV A entitled "Derivation of 
Equations for Forces on Carbon Particles in A-C Electrostatic Field Surround- 
ing Bushings" does an excellent job of deriving the expressions for the various 
electrical forces on carbon particles in oil near porcelain. These same 
equations are applicable to the field about a bushing in air. i 


The parameter which provides a measure of the effectiveness of the 
field in causing contamination is the ratio of the electric field force to © 
Calculations based on Wilson's equations and on 
the voltage distribution of a 5 kv glass bushing, as shown in Figure III, give 
very low values for the ratio of force-to-weight. For a one micron salt 


particle and a field strength of 900 volts/em. the force-to-weight ratio is 


approximately 10. Experience with carbon collection indicates that this value 
is rather low. However, this ratio is correct only so long as the bushing 
surface remains dry. As soon as the surface becomes coated with a conducting 
film of salt and moisture, the voltage distribution of Figure III is completely 
altered with the result that it becomes impossible to predict where the 

deposits will take place or what magnitude the force-to-weight ratios may assume. 


The film of salt and moisture is not uniformly conducting over the 
surface of the bushing. When the film on one area of the surface is thinner 
than the rest a disproportionately large part of the voltage appears across 
this drier, high resistance area. If this voltage is sufficiently great, 
an arc occurs across this high resistance area. It has been observed that 
shortly after the beginning of each test run, the arcing occurs at random 
over the surface of the bushing. However as time passes one area predominates 
over all others. This results from the fact that arcing in any particular 
area causes evaporation which further increases the resistance of that area. 
This increases the frequency of arcing across this area and the accumulation 


of a salt deposit. ws 


Observations over a long period of time (four to eight weeks) have- 
shown that the phenomena described above apparently continues until a salt 
deposit is built up to such proportions that a bridge of salt is formed 
across the high resistance area. This salt bridge effectively short circuits 
the high resistance area. This increases the voltage drop on the other areas 


and the increased leakage current accelerates evaporation in those regions. 
This results in the formation of a new high resistance spot and shifts the 


eo e 
ps. 


men) 
= hy a = rr 
3 ae 


action of the fog. 
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arcing to the new area. The original salt bridge is removed by the washing gomey 
cont'd 


: | “14B948 multiple conductor glass bushing generally known as a 
This process produces a behavior such that one day a salt deposit may "150BIL Bushing". | : 
be on the first petticoat, the next day on the fourth, the next day the third. Standard 2.5 kv General Electric porcelain bushings. 

etc. The salt deposits never appear to prefer one area over another for more oe Standard 5 kv General Electric porcelain bushings. | 
than a day or so. y 13. Glazed and unglazed General Electric porcelain bushings with contour 
| 5 to match modified contour 5 kv glass bushings» | | 
min. 5 kv Westinghouse porcelain bushings. 

15. 5 kv Cornell-Dubilier porcelain bushings. 

46. 5 kv Line Materials porcelain bushings. 


It may be concluded that the process of contamination is aided by the 
electrical forces due to electrostatic fields. However these forces become 
significant only after the surface is coated with a film of salt and moisture. 
The utilization of these facts has made it possible to eliminate salt deposits, | eee : : ‘ 
arcing and the resulting surface deterioration by the addition of a naeRewieei 17. B07 an casiceh cin ets 
shield. This shield prevents the formation on the bushing of a film of salt | ee BY vorne.) yu rg apa en oe sects. 3 ; es 
and moisture which would otherwise connect the high voltage terminal to the me 19, 15 kv General Electric smooth contour Pee ee bushing. : 
ground flange. eee, 15 kv General Electric drip contour porcelain bushing. | p 

21. Glazed and unglazed General Electric porcelain duplications of the | 
proposed 15 kv center-clamped type L glass bushing shell. 


Mechanism of Surface Deterioration 
The pitting and chipping observed on the glass and porcelain bushings een ee ice __Miscellaneous_ 
returned from the Pacific Coast has been duplicated in the laboratory under 
controlled conditions. This deterioration of the bushing surfaces was found 
to be caused by thermal shock resulting from the arc discharges spitting ee é ee Coefficient of Linea 
across the moist bushing surfaces. The heat of these arcs was sufficient to oe ge a ee 
compress localized areas of the surface in excess of the strength of the glass. ; _ Rod Diameter Tey oe 
or porcelain glaze and thereby cause chips to flake off. . | 


1. Six glass rods eight inches long as follows: 


(a) 1/h oe 


7 Mr. H. Omley in his TIS report number 49TP284 entitled "Pitting and rs (eo d/h inch | 
Etching of Glass Used in Bushing Manufacture" gives a detailed account of the Folie (c) V/h inch | 
tests conducted in the Glass Bushing Laboratory of the Analytical and Inorganic | “(d) 1/4 inch | 


(e) 1/4 inch 
(f) 5/16 inch 


Section TAP Laboratory. These results prove that thermal shock is the cause 
of the damage to bushings rather than etching, weathering, corona decomposition 


or glass electrolysis. ; 
2. Five 1/4 inch diameter glass rods eight inches long as follows: 


Description of Material Tested. 


Coefficient of Linear 


Bushings | | .. | | Rod Material Expansion x 106 | 
» Standard 2.5 kv centrifugally cast, amber, A50P69 glass bushings. j _ (a) Lime glass : 


(b) #0-33 amber glass 


9.2 

Standard 5 kv centrifugally cast, amber, A50P69 and 0-33 glass bushings. 5.5 
(c) PLF-3 amber glass 5s 
Bee 

0.8 


Modified contour 5 kv centrifugally cast, amber, A50P69 glass bushings. 

Modified contour 5 kv centrifugally cast, black, A50P69 glass bushings. 

Five kv centrifugally cast, green, 1075 glass bushings. : ms 

Five kv centrifugally cast, black, A5OP69 glass bushings. 

Five kv Pheonix glass bushings. 

Standard 8.7 kv centrifugally cast, amber, A5OP69 glass bushings. oe : | 

Proposed 15 kv center-clamped type L bushing shell. | _ A salt fog contamination test chamber, Figure V, was built to simulate 
3 | aa the severe operating conditions encountered on 5 kv glass bushings on the 

oo. Coast. This chamber, constructed of 3/h inch Marine Plywood, has 

_ dimensions of; width — 28 inches, length - 50 inches and height - 


° 


° 


(d) Pyrex glass 
Vycor glass 


° 


° 


° 


° 
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35 inches. The top which is of a gable roof design adds another 12 inches 
to the height, thereby making the maximum inside height 47 inches. The 
front contains a sheet of 1/4 inch plate glass in order to-permit visual 
observation of corona, etc. | 


A fan was installed which provides a maximum velocity of 20 mph at 
certain areas in the chamber. Two G.E. sun lamps were placed in the top 
to simulate sun light. Entrance bushings were provided for the high voltage 
and measuring leads. | 3 


The fog generator consists of a low pressure pneumatic atomizing 
nozzle. The nozzle is placed so as to obtain the maximum uniformity of 
fog density and velocity when the fan is inoperative. The liquid to be 
sprayed into the chamber is siphoned through the nozzle from an external 
supply tank. This permits maintaining a continuous supply of liquid without 
interrupting the test. 


Associated equipment includes a transformer and control apparatus for 
varying from zero to 5 kv the voltage applied to the test sample. Also 
included is a plug board for the insertion of metering instruments between 


the ground flange of a bushing and ground. The electric counters used 


Method of Test 


The various glass rods, and glass and porcelain bushings were tested 
in the fog chamber shown in Figure V. The majority of the samples were 
placed on a platform fourteen inches above the floor of the chamber and at 
least ten inches from the side walls. 


The first test run in the fog chamber of Figure V was started on 
November 12, 1948. Previous to that time, tests were conducted in a 
standard laboratory salt-spray chamber. The length of time per run varied 
from a minimum of about two days to a maximum of eight weeks. 


~All samples were clean and dry when placed in the fog chamber. Each 
run began with the application of voltage to the test samples following 
which the fog generator was started. The first eight test runs were con- 
ducted with an applied voltage to the test samples of 2.5 kv. Further 
tests proved that satisfactory results could be obtained, together with a 
reduction in test run time, by increasing the applied voltage to 5 kv. 


The sample surfaces were examined frequently during a test run and 
the samples were removed from test after sufficient surface deterioration 
had been observed. The results of the examinations were recorded and in 
some cases photographs were taken. Also recorded on each run were such 
details as length of run, salt content of fog and applied voltage. 
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4 standard eight-hour carbon run was made on six porcelain bushings 


of various types for the purpose of determining the areas of highest 


D ricld stress. The following bushings were subjected to a voltage stress 


of 5 kv during the earbon run: 5 kv G.E. porcelain; 5 kv "W" porcelain; 
8.7 kv "wi porcelain; 8.7 kv "C-D" porcelains; 15 kv G.E. drip contour 
porcelain; and a 15 kv G.E. smooth contour bushing. 


Radio noise tests were made using the standard method described in 
NEMA Publication 107 on the following bushings: 5 kv G.#. porcelains 5 kv 
mw porcelain; 5 kv "C=D" porcelain; 8.7 kv "C-D" porcelain; 15 kv G.E. 
drip contour porcelain; 15 kv G.E. smooth contour porcelain; and a 5 kv 
G.&. modified contour glass bushing with modified hardware. 


Results 


4, The results of the carbon deposition test are shown in Figure VI. 
The areas of heaviest carbon deposition are located at the top around the 
terminal and at the bottom near the ground flange. 


2, . All of the bushings tested for radio noise were noise free at 


rated voltage except two, the Bo Kv with 14 microvolts and the 8.7 "C-D" 
‘with 25 microvolts. However, this is well within requirements. 


Be ine results of the various tests on samples in a salt fog conducted 


between September 3, 1948 and June 20, 1950 are summarized in Table II and 


are analyzed in the following sections. Photographs were taken of most of 
the bushings following test and are on file with the original data. Space 
permits reproducing only a small number of these pictures in the present 
ae 
Discussion of Results 

A. Mechanical Shielding - Bushings in which primary reliance was placed 
on maintaining dry zones by the addition of mechanical shields, as shown in 
Figures VII and VIII have proved exceptionally satisfactory in laboratory 
tests, These bushings remained free from arcing and thereby free from heavy 


salt deposits. As will be noted from the photographs, Figures VII and VIll, 
it makes no difference whether the shield is metal, glass or rubber. The 


important thing is that the seal between the shield and the bushing is water 


tight. This is readily appreciated when it is remembered that the function 
of the shield is to prevent the accumulation of water droplets on the bush- 
ing surface which will eventually run together and form a conducting path 
across the bushing. In all laboratory tests on water tight shielded bushings 
there has never been any noticeable increase in leakage current over the 
value obtained when the bushing was dry. 


_ Figure VIII shows the results of the test on bushings with neoprene 
rubber shields. The shields were in the shape of a sink plunger. Faigure viil 
(a) shows the shield on a bushing and the rubber bird cap used to prevent 


aeeogg | 
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The recent development of a method for placing Teflon, an inert 


the accumulation of moisture in the seal between the shield and the bushing tic material, in a liquid suspension has made it possible to apply 


terminal. The shield was held in place by a metal washer and nut. a .. material to a glass bushing. The adhesion properties of this material 
— . much better than those of the Silicone rubber. ; 

Difficulties may be encountered in using shields on bushings along § appear to Gg | clog noe | 

the Pacific Coast because of the prevailing winds which may drive salt and . Figure XI shows the results of a four week test run at 2.5 kv for a 


moisture up under the shield. If this happens it will be impossible for | 

the natural washing action of the wind and rain to clean the surface. In . Tefle of the Teflon coated bushing may be observed. Some slight dis- 
laboratory tests salt accumulation on bushings with mechanical shields ee n of the coating is apparent, but this is not believed to be 3 

was not noticeably increased by the action of an electric fan. However, ae After being on test an additional two weeks from the time the E 
this will be checked by results of the field test being conducted on several BR cocrevh of Figure XI was taken, there was still no change in the condition 
shields placed on bushings at the Pacific Coast. | “ots coating. , | 


on coated bushing and a standard amber glass bushing. No tracking or 


B. Low-Coefficient of Expansion Glasses - The discovery of the fact that 
the chipping and pitting of both glass and porcelain bushings is due to 
thermal shock has led to the testing of glasses having various thermal 
coefficients of linear expansion. Figure X shows the results of a one-week 
salt fog run on five glass rods 1/4 inches in diameter by eight inches long. 
As may be observed from Figure X, the lower the coefficient of linear 
expansion, the less the surface deterioration. 


ee 


‘These results are confirmed by observed differences in the amount of 
tracking on porcelain and glass bushings. Figure IX shows the results of 
a salt fog run on glazed and unglazed porcelain bushings together with an 


amber glass bushing. All bushings having identical contours. The glaze, : 
which has a lower coefficient of expansion than the glass, is more resistant he field of a standard amber glass bushing by. exter- \ 
to heat shock. It would therefore require more heat before flaking would | ee nh es Ene ae This is shown el ee ir (a). | 
occur and would flake less than the glass if both were subjected to the same Bal resistance SM hae ial atte i aes ; ‘ 
ee are CHaneeee ho | | - Several attempts were made to operate a Laced Fe kv amber ra 
q (eae 3 sults to da have been largely unsuccessful. 3 

The principal objections to the use of low expansion glass as a solution ae in a salt rOe pene plums xe oe es at of he ar ee coatings. 

to the problem is the high cost of the glass and the difficulty in finding ~~ oo pes sbeen gue poseges nd isc Caan | : 5 kv ambe lass bushing y 
a metal with a coefficient to match the glass. It is not believed to be mee Gxample of ens a Ene Bescon PoBteds eae a a ae roximately: ; 
impossible but would regui considerable time and ex e 3 ) tested in Run No. 14. This bushing operaies eet enerrer let tanei sf thi 
é : ee Co uae ee 3 | bo en ee |) twelve days with no arcing or surface tracking. However, by the end of this 

ie y Te 3 ; k current through 4 

C. Inorganic Coatings = Numero 1aterials with non-wetti character= time the combination of heat produced by nena io pinot rae | ; 
race eee | Pee ane ae ee satel ane eget A )) the Rescon and the inherent negative temperature coefficient of the ages | | ' 
°>S were applied to glass bushings wi ittle success. e materials coating caused the resistance to drop. It dropped to such a low value tha | 


tried consisted of Dri-Film, A50P78 varnish, Krylon, PYC, Polyethylene and own eet thee | oe eae he geen in eens (b). 
Cetyl-trimethylammonium bromide. All of these coatings showed some short- | . Geeine failed by fracture, y 
time improvement, Eventually, however, they all burned off in spots and 


Bee, 
wee 


Further work is planned along this line of attack. Several types of. 


oo) ecnerally unsatifactory. Been —conducting coatings, having various resistance values, are being applied, 

a) | _ @ by Dr. Spooner, to porcelain and glass bushings. These samples will be tested 

Silicone rubber was applied to a standard amber glass bushing with | ) in the fog chamber and reported later. | 
some good results. The arcing was greatly reduced, and therefore so was . | 


the surface deterioration. One bad feature of this coating was its very 


4 ae hing vor n= i "est tests conducted in a salt fog on both | | 
Poor adhesion. It was very easily scraped off. _-H. Bushing Contour ~ The results of tests 


Blass and porcelain bushings of various voltage ratings, and contours (Figure 
)*TIT) all point towards one conclusion: Within practical limits there 15 ne 

226 or contour or combination of the two which will entirely preven) aa 

Salt deposits or surface deterioration. Some difference in the severity © 


| 
4 Ms j é 


| a 
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f Salt—Fo Tests 


deterioration may, however, result from differences in materials, such as 
glass and porcelain, etc. and from large differences in the length of 
creepage paths as shown in Figure XIII. 


Summary of Results o 


9/3/48 to 9-13-48, Test time - ll days at 2.5 kv 
Salt fog contained 10% NaCl by weight. 


A good example is the improved performance obtained by the operation 


of a modified contour glass bushing, shown in Figure XIV, in a salt fog. Test Bushings hae wp eoR@aulbge ok Ost a 
Incorporated in this contour design were horizontal petticoat undercuts. 5 kv G.E. amber glass -Frequent arcing, very light scattered 
a... for the purpose of approaching a drip contour as closely as ay 5 kv Ph oe 4 tee 
0 } b vy Pheonix glass -Very frequen arcing, no tracking 
| : @ (c) 5 kv G.E. amber glass -Coating badly burned in spots, s | 

Figure IV shows a field map of a dry 5 kv modified contour glass bushing 4 | A50P69 varnish coated = scattered light tracking = — | i 4 
with special imbedded electrostatic shields at both the top and bottom of a (a) 5 kv G.E. amber glass -No arcing, peeerne or salt deposits | 4 
pad oe. These shields reduce the normally high stress at the terminal a | Beth rubber a ; ss : : | 
and groun ange and give the bushing a more uniform voltage distribution. | aa fe) > kv G-E. porcelain -Frequent Sree ees vnc tracking 
Figures XV (a) and (b) show the models used to obtain the field maps of a = . (f) Unenergized 5 kv glass -No galt deposits | 


standard contour glass bushing and a modified contour glass bushi = Me 2 
oe ae Mean No. 2 10-19-48 to 10-28-48, Test time - 10 days abu2id kv iA \ 


The results of tests conducted on modified contour glass bushing with ‘Salt fog contained 10% Nacl by weight. 


both shields, top shield only, bottom shield only, and no shields are shown 
in Figure VIII. These results show that no particular advantage can be : 

attributed to the use of the imbedded shields. A field test is now in pro- | 5 kv G.E. porcelain “Frequent arcing, no tracking 
kress on several of these bushings which should help to clarify the question (Continuation of Run 1) 
of the value of the shields. These shields would be of definite benefit if (b) 5 kv G.E. glass 


Test Bushin a: | —- Results_ 


-Coating badly burned in spots, 


ae bushing were operating in an area where the contaminant was deposited . Polyethylene coated scattered light tracking 
dry. In such an application the improved voltage distribution would not be (c) PVC coating on top two Coating badly burned in large areas, 
impaired by water on the surface. | petticoats of 5 kv £1555 scattered light tracking 
Pe | | : | glass | i 
F, Miscellaneous 3 (d) 5 kv G.E. glass with ~No arcing, tracking or salt deposits 
3 | —~) “glass shield af apie i | 
1. Bushing Position - Figure XVI (b) shows the results of a (e) 5 kv GE. glass with -No arcing, tracking or salt deposits | 
salt fog run on an inverted 5 kv amber glass bushing. The object of this ee copper shield : | 
test was to determine whether operation could be improved by eliminating (f) Utienergized 5 kv GE. -No aa deposits | 
gravity as a factor in the deposition of salt and moisture on the surface. ae glass : ; La ee | . 
The results showed conclusively that nothing was to be gained by inverting q ; . | i 
the bushing. Run No. 3 11-12-48 to 12-3-48, Test time - 18 days at 2.5 kv 


| Salt fog contained 10% NaCl by weight. 
oes Figure XVI (c) shows the results of a salt i NS ee : Te Mie fr tee wae Te Hie sis ue as SEES ARR ag sa Td oo GE vaio dale tah Gis Nel ia ee So 
5 kv G. z. re cRreauatt arcing. very light ERE 
(Continuation of Run 1) at terminal — 
-No arcing, tracking or salt deposits 


2. internal Heating 
fog run on an internally heated 5 kv amber glass bushing. The temperature 
rise over ambient at the surface was 15 C. The results were very satis- 
ae a that there was no arcing or surface deterioration. The prohibit- | | 
ee od Power - vir upc Nal eo from this arrangement, (b) ag oe gs with 
solution to the problem. 7 : St 
(c) 5 kv G.E. glass with -No arcing, tracking or salt deposits 
glass shield | 
(d) <5 kv G.E. glass with -No arcing, tracking or salt deposits 
copper shield oy 
(e) 5 kv G.E. green, 1075 -Frequent arcing, light tracking around 


glass terminal and ground flange _ 
a (f) 5 kv G.E. amber glass -Frequent arcing, light tracking around 
. terminal and ground flange : 


Pe (g) 5 kv G.E. glass coated -Frequent arcing, no tracking 
a with Silicone rubber 
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No. 11-2-48 to 12-3-48, Test ti a 2-8-9 to 3-8-49, Test time - 38 days at 2.5 kv a 3 i 
tes : a S eacie etter Salt fog contained 10% NaCl by weight. : ke | 


(cont'd) Salt fog contained 10% Nacl by weight. 
Test Bushings 2 Results 
5 kv G.E. glass with =Heavy salt deposit on uncoated petticoat, i 
Rescon coat over first very frequent arcing medium tracking on 
two petticoats from uncoated petticoat 

terminal, 500M/o 

No coating on third, 

and remainder of sur= 

face coated with 

Rescon 5000M/p | 

Rescon coated sand =Good coating adhesion. Bushing fractured 
blasted 5 kv G.E. | | | 

amber glass | 


Test Bushings Results 
15 kv smooth contour -Frequent arcing, no tracking 
GE. porcelain 
(ino 5 Kv G.E. glass with ~Very frequent arcing, heavy tracking 
shunt ing resistors on entire surface 


Run No. 4 12-6-48 to 1-29-49, Test time - 54h days at 2.5 kv 
Salt fog a aee 10% acl by weight, 


Test Bushings Results 

Nine standard 5 kv G. Es Gonsistent comparable results were obtained 

eae bushings placed on test samples placed anywhere in the me fe | 
in different positions i - | 

p s in chamber within approximately one foot from | Run No. 6 3-18-49 to ee. Test time = 36 days at 2.5 ie. 


the test chamber eve th 
nine days | iS “tg eer a Salt 198 contained 10% NaCl by weight . | 
Run No, 5 2-8-49 to 3=8- os Test Bushings _ wide) og deedmepulltel eV L: ou. 

Salt fog 2:49, eat te Meshes} a ng 3 | 5 kv G.E. amber glass -Frequent arcing, heavy tracking ae terminal 
| : (Continuation Run 5) terminal and ground flange. For 64 day 
OMS sacs Eee 22 ecmind ty u a Bee eri lho hele Pal ask la surges above 10 milli- 
seat gti hip useage feos no arcing, medium tracking around (b) 5 kv G.E. glass with -Heavy salt deposits, no ey 
(b) 5 kv GE. Kryl beg Piet ee ee - internal heater —™*S ee, | 

rylon coated -Frequent arcing, coating badly burned 4 se 
(c) ce away, medium tracking | . (c) a 5 kv GE. —_ arcing, medium tracking near 
C V = ‘so ae : Pi 

internal habe pee Very neavy sett Ponerths., ao, tracking | oo (d) Modified contour 5 kv -Frequent arcing, heavy tracking at small 

surface en 4 3 | yg | ee Sami | diameters between every petticoat — 

over ambient | metal parts 
(d) Modified contour 5 ky =Ver infreaue t sD (Continuation of Run 5) : | 

6 fei glese with cpeciiias quent arcing, scattered light — 4 (e) Modified contour 5 kv -Frequent arcing, medium tracking around 

standard metal parts | P ; on je ae special ground flange, light tracking at terminal 

i A ae: metal parts 7 | ‘. : 

: era patie rhe oe orre fe rey eestae | : Ba 5 kv "C-D" porcelain -No arcing, tracking or salt deposits 
| Bo 7k ae _ g) 5 kv "W" porcelain § -=No arcing, tracking or salt deposits 
e mise Staten orange Light tracking around — Ma) i 807 kv "C=D% porcelain -No arcing, tracking or salt deposits 
(zg) 5 kv G.E. black glass -Frequent arcing, light tracking eebend 4 (i) 8.7 kv "wr porcelain -No arcing, tracking or salt deposits: 
es te ‘ : terminal and ground flange —  .. >. 
(h) Modified contour 5 kv Infrequent arcing, light tracking Run No. 7 
G.E. black glass © around ground flange Salt. fog. poe eeted 10% NaCl by weight. _. amt ie epeleoeannmemntal yy od 


(i) > kv G.E. glass with -Frequent arcing, Rescon coating flaked off. 


| 
h=26-49 to 5-2h-49, Test time - 28 days at 2 265 kv | 


Rescon on last petti- a) through (d) "are continued from hun 6 
3 coat near ground flange | (a) 5 kv "Gepn porcelain -No arcing, tracking, or salt deposits 
(Jj) 5 kv Gok. glass with -Frequent arcing, Rescon coating flaky 7 | a ee reciain “Gme Light tracking 1m thi anaes ale | 
Rese ti and 1 . | 
sc00H/ Ea hawt mot | : | Bic) 8.7 kv "C=D" porcelain -No arcing, tracking or salt deposits q 
: | ; a (d) 8.7 ky "W" porcelain -No arcing, tracking or salt deposits } 
| 
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14 11-16-49 to 11-29-49, Test time - 13 days at 5 kv. 


Run No. 8 6-10-49 to 7-1-49, Test time - 21 days at 2.5 kv. 
Salt fog contained 10% NaCl and 1.2% MgCl5 by weight 


Salt fog contained 10% NaCl by weight. 


Run NO» 


Test Bushings hr: Results q | Test Bushin i“ aie pests |... 
Two 5 kv G.E. amber glass ~This proved to be quite difficult as q | 5 kv G.E. glass with -Non-uniform resistance of coating 
bushings the surface deterioration begins with P special high resist- resulted in scattered heavy tracking. 
Purpose: To determine the removal of microscopic chips of | a ance coating Removed from test after 4 days 
when tracking begins _ Glass. No definite results were obtaineq 3 (ob) 5 kv G.E. glass with ~Operation good until runaway character- 
| Rescon coat, 1OM/p7 istics of coating caused sufficient heat 


However, arcing and the build-up of salt — 
deposits were found to start within one 
or two hours after the salt fog was first 
admitted into the test chamber. | 


to be generated and fracture bushing. 


an No. 15 11-17-49 to 12-8-49, Test time - 21 days at 5 kv. 
i Salt fog contained 10% NaCl and 1.2% MgCl. by weight 


Run No. 9 11=1-49 to 11-8-49, Test time - 7 days at 5 kv the first day and 


205 kv for the remaining six days. By weight salt a4 Test Bushing | + io) dee So oROSRLLSL ; 2 ) 
10% NaCl, 1.2% MgCl,, .8% Mgso : “5% CaSO : and eo 9 yetaeae Rubber shield on 5 kv Rubber cracked and allowed water to flow 4 
: cae eB h q G.E. amber glass down surface. Scattered heavy tracking } 
Test Bushings’ #373) 4 | Results Silicone rubber coated -Arcing frequency increased with time and | 
5 kv G.E, amber glass -Heavy tracking over entire bushing 3g 5 kv G.E. amber glass removed rubber in spots. Light tracking. | 
r y) kv G.E., porcelain ~Heavy tracking around bottom g Removed from test after 12 days. 
i 5 kv "W" porcelain | -Medium tracking ~~ =~ : 4 7 ‘ 
d) 5 kv "C-D" porcelain  -Large section of third petticoat from “Run No. 16 11-29-49 to 12-9-49, Test time - 9 days at 5 kv. | 
. mre. lop was removed by chipping . _—— §alt fog contained 10% NaCl and 1.2% MgCl, by weight 
Run No. 10 11-9-49 to 11-11-49, Test time - 48 hours at 5 kv. — fest Bushing ... ic ysl A ap dorResulives ees. | 
Salt fog contained same salts as in Run 9 with the | a Permafil coated 5 kv -Arcing frequency increased with time 
exception of MgCl, by weight. | : | a amber glass | and removed coating in spots. : 
| | - ag Scattered medium tracking 
ait SIGS Bushings suite $550 Results ) — : eae gabe | 
5 kv G.E. amber glass ~Scattered light tracking ~ Wy Run No. 17 12-8-49 to 12-15-49, Test time - 7 days at 1 kv for the first ; 
F | | | 4 | : five days and 2.5 kv for the last 2 days. Salt fog contained 
Run No. 11 1-11-49 to 11-13-49, Test time - 48 hours at 5 kv. | 4 # 10% NaCl and 1.2% MgCl, by weight 


. Coefficient of _. 


Salt fog contained 10% NaCl and 1.2% MgClo by weight . — oe | 
sole | MueceQianeter Linear Expansionx 10 ss Results. 
oc. Mest'Bushing ¢ 2. ee Results - | Meee, canch 5.5 -No appreciable difference in the 
> kv G.E. amber glass _ —Medium tracking on lower half of bushing | —{b) 1/4 inch | amount of tracking was observed. 
near ground flange : (c) 1/4 inch However, sample (a) had slightly 
oasis | (ad) 1/4 inch more tracking than (f). On all, 
Run No, 12 11-13-49 to 11-15-49, Test time - 48 hours at 5 kv. (e) 1/4 inch tracking was scattered from one 


| | Salt fog contained 10% NaCl and .3% CaSO) by weight , q 7 pf) 5/16 inch end of the rod to the other. 


‘Sky 


Run No. 13 11-15-49 to 11-16-49, Test time - 32 hours at 5 ky. 
Salt fog contained 1.2% MgCl, by weight , 
Test_Bushing | 


ab See ning Ambani ce Results 
> kv G.E. glass bushing 


-Heavy scattered tracking OCOD 


Se 


a ar rrr a 
To nh oe PM ee ae Rene wi 
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1-10-50 to 1-17-50, Test time - 7 days at 5 kv. 


Run No. 18 12-16-49 to 1-2-50, Repaired chamber pun No: 20 Salt fog contained 10% NaCl and 1.2% MgCl, by weight, 


| (Cont "4 
| 20) kv porcelain bushing — ros Creepage Strike Strike Dist. 
| , . . TFA gn \ -high- v ; Path-In, Dist.In. Less Shield Results 
lead-in bushing MLLLLLLL LLL LITLE ARN A M eee es eee ee Shag [9 ee 6. (D, | _-Heavy tracking be- 


(eg) 5 kv glass, modified tween 4th and oth. 


| Ba ty N! 
IZLE IL ILI LLL Ly K-\\ ) my, | 7 tal parts i oe % : . petticoats | 
J Ea) | ~copper hemisphere shield ‘(h) Modified contour 8125 6 | ena cregiing medium 
| kv glass | ; 3 iy | 
: “heater coil BCs) . GB. glass 1h. > pear eRe ae oe 
3 rackin 
Repaired leaks and modified the high voltage lead-in bushing which was q ce and bottom 
badly tracked and even chipped at end. The modification made is shown ] ae : _ ~Heavy tracking bottom 
in sketch above. The heating coil keeps the surface dry by raising to (3) y — y Sle half of bushing | 
70° the surface temperature of the porcelain on the end. The shield : i a 
reduces the normally high stress at the end. This bushing collects ES . Medion tpackin 
salt but no more arcing or etching has been observed. _(k) 5 kv modified con 7 6.75 ern : 


i around top and _. 
ternal shield bottom of bushing 
a, rem: e 

mii) 5 kv modified con- 9 6.75 
_ tour glass bottom . cro 


Run No. 19 1=3=50 to 1=9-50, Test time = 7 days at 5 kv. 


| Salt fog contained — and l. #8 Mecha | oe ~Heavy tracking around 


bottom of bushing - 


‘Test Bushings 
(a) Modified contour 5 ky 
amber glass 
(b) Modified contour 5 kv  -=Scattered light tracking 
GoE. glazed porcelain 


=Scattered heavy Ewes 


_ dnternal shield only aie op wate 
 (m) 5 kv modified contour 9 | “0675 | Heavy tracking around 
glass, st'd metal ng Pasine such apeve 
parts and an external ground ring 


(c) Modified contour 5 kv | ~Section of porcelain at edge of first Cae ring 
G.E. unglazed porce- petticoat chipped. Several areas of 
lain cracked porcelain Run No. 21 1-17-50 to 1-24-50, Test time - 7 days at 5 


Salt fog contained 10% NaCl and 1.2% MgCl, by weight. 
Five 1/4 inch diameter glass rods eight inches long. 
Coefficient of oe 


Run No. 20 1~10=50 to 117-50; Test time = 7 days at 5 kv. 


Salt fog contained 10% NaCl and 1.2% MgCl> by weight Be | oe 
Pin . Rod Material — Linear Expansion x 10° Results = 
Creepage Strike Strike Dist. a) Lime glass ane “Seusre UacMBeoray oy a 


length of rod 


__Test Bushing Path In. Dist. In. Less Shield __—=Results 
(a) 2.5 kv G.E. glass 4.25 30125 _ Scattered Heavy 


| (b) #0-33 amber glass a5 “Scattered heavy tracking 
reeiae  (c) PLF-3 amber glass Bly Scattered peavey Sree 
(b) 2.5 kv G.E. glass BS == 1.375 =Rubber burned in 3} Pyrex glass a | eee men k ae 
with rubber shield spots, some trackin (e) vycor a | oye ee 
(c) 5 kv G.E. glass 6629 ho 5 —— ~Heavy tracking at oF caer 
bottom 
(a) 5 ky G.E: glass 6.25 se Bed -Rubber burned in. 
with rubber shield spots, some tracking 
(e) 8.7 kv G.E. glass 8.25 = 26 ~— -Heavy tracking : 
at bottom : 
(f) 8.7 kv G.E. glass 8.25 = bo 25 ~-Rubber burned in 


with rubber shield spots, some trackinh 
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_ ae /50, Test time - 35 days at 2.5 kv. 
- He 1/12/50 to 4/17/50, Test ie fo 
pun No. 24 ees fog contained 10% NaCl and 1.2% MgCl, by weight. 


fun No. 22 1-24-50 to 1-31-50, Test time — 7 days at 5 kv, (cont'd 


Salt fog contained 10% NaCl and 1.2% MgCl. by weight, hs ace Results 
: bea | - Soe porcelain : -Medium tracking, large eas Of 
Creepage Strike mer) > KV ve glaze removed on top petticoat 


_Test Bushings - Path-In, Dist. in. - Results __ and around bottom of bushing 


(a) 5 kv G.E. porcelain ~—6b675 2°25. Heavy tracking at top and bottom - 
(b) 5 kv "C-D" porcelain TeOT5 Dowd -Heavy tracking at top 3 | ae 
(c) 5 kv "W" porcelain DoD 5 ~Light tracking at top and on q to 6/20/50, Test time - 55 days a Aaa 
| ; straight section 6 Run No. 2) aes 9 eel 10% NaCl and 1.2% MgCl by weight, 
(d) 8.7 kv "C-D" porcelain 11.5 — 6.75  -Medium tracking at bottom 3 : 
ved eee prereantaae a Gale iiiweeliiig hidaune ’ Tet nee glass coated Sete te tctis a bushing - light bes 
(f) 15 kv G.E. smooth OD. 7.25 Heavy tracking at bottom a om Teflon ae No tracking of removal ie ce | 
contour porcelain ¥ M coating. Some discoloration | 
3 observable 


(g) 2.5 kv G.E. porcelain 45 3.5 -Heavy tracking and burned. 


appearance of glaze at top -Rubber shield cracked around terminal 


| 3 'b) 5 kv G.E. amber glass ny Red Frac Lent 
Hen NO. 23 256-50 to 3-6-50, Test time ~ 28 days at $ ky, > : with neoprene rubber shield in two days. Removed from test 
o . 5] 
: Salt fog contained 10% NaCl and 1.2% MgCl, by weight. 


__ Test Sample | eo Resaltsuy, i 
(a) Proposed 15 kv Type L glass -Very heavy tracking and considerable e | 
bushing shell fracturing of the glass | . 
(b) Unglazed porcelain with con= “Several large chips of porcelain removed, 
tour of proposed 15 kv Type L A few heavy tracks | 
glass bushing shell 
(c) Glazed porcelain with contour -Very light tracking at top and bottan 
of proposed 15 kv Type L glass | 
bushing shell | 


5 water tight at terminal | : th, 
a amber glass with R402 coating 


(d) 3/8 in. dia. Pyrex glass “Medium tracking over entire length 

rod 4 inches long | i 
(e) 3/8 in. dia, Pyrex glass ~Light tracking at high voltage end 

rod 6 inches long 3 ia 
(f) 3/8 Pie aia. Pyrex glass “Scattered light tracks | t 


rod 8 inches long 


eee Ho. 24 4-12-50 to 4-17-50, Test time _ B5 days at 2.5 ky. 
Salt fog contained 10% NaCl and 1.2% MgCl. by weight. 


lest Bushings 2 eee Results 
a) 5 kv G.E. amber glass -Scattered heavy tracking 


(b) 5 kv GE. amber glass coated Coating burned off in very short time, — 


with Krylon Sample removed from test after two weeks. 
(c) 5 kv GR, amber glass -Salt deposits under shield, considerable 

with neoprene rubber shield light tracking and burning of shield 

not water tight at terminal : 
(d) ) kv G.E. amber glass -Excellent results, bushing and shield in 

with neoprene rubber shield same condition as when placed on test 

_ water tight at terminal | 

6) 5 kv Line Material porcelain ~Medium burning and tracking of glaze around 


terminal and ground flange 


FIGURE I[-A 5 KV AMBER GLASS 
BUSHING AFTER OPERATING FOUR 
WEEKS IN A SALT FOG CONTAINING 
TEN PERCENT SODIUM CHLORIDE 
BY WEIGHT. 


FIGURE IT-B 5S KV AMBER GLASS 


BUSHING AFTER OPERATING ONE 


WEEK IN A SALT FOG CONTAINING 


|\O PERCENT SODIUM CHLORIDE PLUS 
[.2 PERCENT MAGNESIUM CHLORIDE 


EIGHT. 
ou Pl- 32639 
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FIGURE IL 
CHARACTERISTIC SALT DEPOSITS ON 
GLASS & PORCELAIN BUSHINGS 


B-5 KV 'W: 
GLASS BUSHINGS 


PORCELAIN BUSHINGS 


ne oO KV. GE. 
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3009 842 FOG CHAMBER AND ASSOCIATED EQUIPMENT. 


11-22-48 
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B-SKV WESTINGHOUSE C-8.7KV WESTINGHOUSE 


5KV GENERAL 
ELECTRIC 
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SKV GENERAL ELECTRIC E-I5KV G.E. 


1 4 pe 
AE I RESULTS OF A STANDARD EIGHT HOUR CARBON 
RUN ON VARIOUS PORCELAIN BUSHINGS. 


PL-32638 


A-COPPER —-B- GLASS C-RUBBER 


“FIGUKE WIE TYPES OF MECHANICAL SHIELDS USED ON 5 KV 


AMBER GLASS BUSHINGS . 


A-TYPE SHIELD B-WATER TIGHT .C— NOT WATER TIGHT 


FIGURE IIT RESULTS OF SALT RUN ON 5KV AMBER GLASS 
B'ISHINGS WITH NEOPRENE RUBBER SHIELDS, WATER TIGHT 
AND NOT WATER TIGHT AT TERMINAL. 
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C— GLAZED PORCELAIN 


B— UNGLAZED PORCELAIN 
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BUSHINGS: 


CONTOUR 


FIGURE X | 


Resutts oF A SALT Spray Run 
OF One WEEK ON GLASS Rops 
OF VARIOUS THERMAL COEFFICIENTS 
OF LINEAR EXPANSION 


HicH VOLTAGE _ 
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— Lime | * 0-33 PL F-3 Pyrex VYcoR 
Coerricient OF Piss ae : 
SINEAR ExpansioN- 9.2  ### 5.5 5.5 3.2 0.8 
a" 10 | oe p1-32555 


A— STANDARD BUSHING B— TEFLON COATED BUSHING 


FIGURE KI — RESULTS OF SALT RUN ON SKV AMBER 
GLASS BUSHINGS. 


FIGURE XIE -A 5 KV AMBER 
WITH SHUNTING RESISTORS 
GRADING, AFTER A SALT RUN. 


GLASS BUSHING 
FOR VOLTAGE 


FIGURE XII -B 5 KV SAND-BLASTED 


AMBER GLASS BUSHING WITH RESCON 


COATING, AFTER A SALT RUN. 
PES 2es| 


G.E. GLASS BUSHINGS 


F—PROPOSED I5 KV TYPE L SHELL G- 5 KV 


FIGURE XH RESULTS OF SALT RUNS ON GLASS & PORCELAIN 
BUSHINGS OF VARIOUS SIZES & CONTOURS. 


| | PL-32635 . 
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D-BOTTOM SHIELD ONLY 


C-TOP SHIELD ONLY 
FIGURE xdv. RESULTS OF SALT RUN ON 5 KV MODIFIED CONTOUR 


AMBER GLASS BUSHINGS WITH & WITHOUT EMBEDDED 


ELECTROSTATIC SHIELDS. | pL- 32636 
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FIGURE XZ-A MODEL OF 5 KV CENTRIFUGALLY CAST 
AMBER GLASS BUSHING WITH SHIELD IN ELECTROLYTIC 
TANK. 
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FIGURE X¥—-B MODEL OF MODIFIED CONTOUR. 5 KV 
CENTRIFUGALLY CAST AMBER GLASS BUSHING WITH 
SPECIAL METAL PARTS IN ELECTROLYTIC TANK. 


PL-32654 


A— STANDARD BUSHING _ B— BUSHING INVERTED 


FIGURE XVI RESULTS OF SALT RUNS ON 5KY 
AMBER GLASS BUSHINGS. 
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